Supplemental Text:
Carbon isotope mass balance analysis:
Carbon fixation metabolisms typically exhibit a kinetic isotope effect leaving organic carbon depleted in 13 C relative to dissolved inorganic carbon (DIC), with a characteristic fractionation from each carbon fixation pathway 13 . The 3HP bi-cycle imparts a fractionation as DIC is fixed into organic carbon relative to other carbon fixation pathways (~-13 ‰ compared to ~-25 ‰ for the Calvin Cycle 14 ).
If phototrophic Chloroflexi using the 3HP bi-cycle were an important contributor to carbon fixation, one might expect to see this recorded in the C isotope ratios of preserved sedimentary organic matter in the geologic record. However, never in Earth history are bulk sedimentary carbon isotopes so heavy as to be consistent with a dominant 3HP source. Rather, prior to the rise of oxygen and during Archean time (>2.5 billion years ago) the opposite is true, with kerogens recording anomalously low δ 13 C of organic carbon of ~-35 to -50‰, potentially indicating a substantial amount of carbon fixation via the reductive acetyl-CoA pathway 15 . One can use isotope mass balance calculations to estimate what proportion of production could be due to the 3HP bi-cycle on the early Earth, constrained by C isotope ratio data.
A simple isotope mass balance calculation can determine the maximum allowable contribution of 3HP to carbon fixation given the observed bulk difference in δ 13 C of buried organic carbon and carbonate (Δ 13 C org/carb ) and the average isotopic difference between DIC and organic carbon due to carbon fixation pathways (ε). The bulk difference in δ 13 C between carbonate and sedimentary organic carbon, Δ 13 C org/carb, is a function of the fractionation between dissolved inorganic carbon and organic carbon imparted by carbon fixation; if multiple carbon fixation pathways are producing organic carbon, the bulk Δ 13 C org/carb can be calculated as a simple isotope mass balance mixing calculation of the form Δ 13 C org/carb = fA+(1-f)ε. f is the fraction of organic carbon fixed via 3HP, A is the fractionation between DIC and organic carbon imparted by 3HP, ε is the average fractionation associated with other active carbon fixation pathways. The average value of A, the fractionation imparted by 3HP, is ~-13‰ 14 , while the value of ε varies depending on the relative contribution of carbon fixation pathways such as the reductive acetyl CoA pathway (with large fractionations, ~-25 to -69‰, average for hydrogenotrophic methanogens ~-47‰) and the Calvin Cycle (smaller fractionations ~-22 to -30‰, average ~-27‰) 13, 14, [16] [17] [18] . Here, we plotted a contour map of the value of f for given values of δ 13 C kerogen and ε. f values of 0 indicate regions that do not have a solution for which f is positive, reflecting ε values too low to produce that value of δ 13 C org . Given typical values of Δ 13 C org/carb, 19-21 and expectations of average fractionations similar to that of the Calvin Cycle today, no intervals in Earth history are consistent with 3HP as a dominant driver of carbon fixation. For the most conservative scenario during Archean time, assuming organic carbon fixed via the reductive acetyl-CoA pathway with an fractionation of ~-47‰ (the average fractionations imparted by hydrogenotrophic methanogens 18 ) and a maximal fractionation from 3HP of -13‰, a bulk kerogen δ 13 C -50‰ could reflect no more than about 5% of organic carbon fixed via 3HP. Figure S1 . Divergence time estimates from cross-calibrated molecular clock analysis with blue bars making the 95% CI. Taxa abbreviations are summarized in Table S1 . 
Supplementary Figures:

Figure S3: Phylogeny of A-family HCO proteins in Chloroflexi and select outgroups.
The overall topology of the tree is discordant from that of 16S rDNA and single-copy phylogenetic protein markers, which is indicative of horizontal gene transfer within the Chloroflexi phylum. However there is congruence within some branches of the tree suggests that aerobic respiration has been vertically inherited within some clades. In particular, The Chloroflexia class appears to have acquired aerobic respiration via transfer of an A-family HCO, before the divergence of Herpetosiphon and Kallotenue from the phototrophic Chloroflexales, given the congruence of the Herpetosiphon+Kallotenue+Kouleothrix+Roseiflexus clade in both HCO and organismal trees (highlighted in yellow). Loss of the A-family HCO appears to have occurred in Chlorothrix+Oscillochloris+Chloroflexus, followed by reacquisition of a new copy in the Oscillochloris+Chloroflexus lineage. (ε, horizontal axis) . Δ 13 C org/carb incorporates fractionations from a variety of carbon fixation pathways, each with a characteristic fractionation between DIC and organic carbon. 3HP imparts a characteristically small fractionation between DIC and organic carbon of ~-13 ‰, so if 3HP is ever a significant contributor to productivity it would serve to pull δ 13 C org, and therefore Δ 13 C org/carb, to heavier values, so if Δ 13 C org/carb remains low 3HP must be a small fraction of total productivity. E.g., for 3HP mixing ratio near 1, Δ 13 C org/carb would approach -13 ‰ for any ε. For ε near -27‰, typical of the Calvin Cycle, and Δ 13 C org/carb of ~-25‰ typical of the Proterozoic when 3HP is predicted to have evolved, the mixing ratio of 3HP must be less than 0.15. Chloroflexales taxa sit in a derived position within the phylogeny, indicating that the PCS enzyme most likely did not evolve within the Chloroflexi phylum, but rather evolved in a different phylum and horizontally gene transferred into the Chloroflexales, which would have been a prerequisite event in the de novo evolution of the 3HP bi-cycle. The closest homologs of PCS were collected by using BLAST against the NCBI Reference Sequence Database, which were from a protein family of Acetyl Co-A Synthetase enzymes and thus could be used as an outgroup. 
Figure S4. Contours of allowable 3HP mixing ratio to reach average Δ 13 C org/carb (difference between sedimentary organic carbon and carbonate δ 13 C, vertical axis) with average organic carbon fractionation
